INTRODUCTION
Because of its geographical location and climate change, Morocco is a country easily exposed to extreme events such as drought and floods. Floods are one of the most devasting natural hazards. They can lead to a large human and economic damage. One of the most efficient method of flood monitoring and prediction is the use of the soil moisture (SM) as an important hydrological and climatic parameter of initial condition of soil. This parameter combined to rainfall can give us a quick prediction of an eventual flood. The retrieval of SM can be done within two main categories: in-situ and remote sensing. In this paper, we will choose the second one with Soil Moisture and Ocean Salinity (SMOS) satellite as data source. Some previous studies have used SMOS data for flood monitoring in a context other than the Moroccan one (AlvarezGarreton et al. 2015; Romanov et Khvostov 2015; Seo et al. 2017) . Two examples of Moroccan floods will be studied: Guelmim and Sidi Ifni during November 2014 and Rabat-Salé on 23 February 2017. To observe the two floods events, we will make soil moisture and rainfall maps before, during and after the event and we will create soil moisture time series of the study area. Floods are defined in The Emergency Events Database (EM-DAT) Glossary by: "A general term for the overflow of water from a stream channel onto normally dry land in the floodplain (riverine flooding), higher-than-normal levels along the coast and in lakes or reservoirs (coastal flooding) as well as ponding of water at or near the point where the rain fell (flash floods)." (EM-DAT 2018).
Soil Moisture:
The SM that we will use as a parameter in our study is the volumetric (m 3 /m 3 ) water content of the first five centimetres of the soil. It can be defined as : the volume of water (Ve) divided by the total volume of soil (VT): Ve/VT (Dissanska et al. 2010 ).
Rainfall:
Rainfall or rain is a type of liquid form of Precipitation which is according to the Met Office "any form of water -liquid or solid -falling from the sky". It is the result of condensation of water vapour and precipitating (Met Office 2018). The unit of measurement of this parameter is millimetres (mm).
Water cycle:
The water cycle includes different key processes such as precipitation (rainfall and other forms). Different variables are into this cycle such as soil moisture. The non-evenly distribution of the precipitation in space and time in addition to high levels of SM can easily increase the runoff and thus can lead to flood events (Sujay V. Kumar 2015) .
We will use in our study of historical floods two key parameters: SM and Rainfall. Our context of study will be presented in the next section.
SOIL MOISTURE MAPS FOR FLOOD MONITORING

Context
Morocco is a country located in the North West Africa in the subtropical zone. CATNAT 2017) . Two cases are studied in this paper, but they are considered by CATNAT as three flood events since the first study case is split into two periods of flooding:
• 1 st study case: Our first case of study was during November 2014 at Guelmim and Sidi Ifni within two flood events: from 20 th to 24 th November 2014 and from 25 th to 30 th November 2014. These two flood events were catastrophic leading to 47 deaths and many other traumatised people psychologically and affected financially since buildings were damaged. In addition, the damage was assessed at more than 6 billion dirhams. Roads were cut, dikes broke, and power cuts affected a large part of the population The study area concerns four Moroccan known cities: Guelmim, Sidi Ifni, Rabat and Salé. We will consider Rabat and Salé as one entity: Rabat-Salé since they are twin cities (with a very close geographic proximity). Guelmim (28° 59′ 17″ N, 10° 03′ 27″ W) has an arid to extremely arid climate and whereas Sidi Ifni (29° 23′ N, 10° 10′ W) and Rabat-Salé (34° 01′ 31″ N, 6° 50′ 10″ W) have a semi-arid climate (DMN 2017).
Data
SM and Rainfall are two important parameters in flood monitoring. These parameters can be assessed by two categories of measurement methods: in-situ and remote sensing. In our study we have chosen the second type of retrieval with some insitu values for rainfall. In order to create SM maps, Rainfall maps and SM time series, we have used data sources from two missions: SMOS for SM and the real-time TRMM MultiSatellite Precipitation Analysis (TMPA-RT) for Rainfall (Daily accumulated precipitation in mm). Two products are used for these two missions (1) for SMOS and (2) The SMOS satellite has a 2-3 days temporal revisit. For this reason, we have chosen to use a 3 days aggregation product. This CATDS: "Centre Aval de Traitement des Données SMOS" Level 3 product is calculated for each pixel in a way that when more than one value exists for the same pixel, the value of the best pixel is chosen (pixel with good quality of SM retrieval i.e. with the lowest DQX) (Kerr et al. 2013) .
For the daily precipitation, we also used in addition to satellite data some in-situ data: Sidi Ifni (Infoclimat 2018) ,Guelmim (eltiempo 2018), Rabat-Salé (meteomanz 2018).
To generate SM and Rainfall maps with NetCDF data, we have used Panoply which is a Java application developed by National Aeronautics and Space Administration (NASA) and available in https://www.giss.nasa.gov/tools/panoply/download/. For the SM time series, we have used BEAM software provided by the European Space Agency (ESA) which has been replaced recently by SNAP. The acquisition of SMOS imagery from the satellite is done by two types of orbit: ascending (satellite moving from the South to North and crossing the local equator at 6:00 a.m), descending (satellite moving from the North to South and crossing the local equator at 6:00 p.m) (ESA 2018). The ascending and descending orbits are processed separately. The choice of the best orbit is generally based on the lowest percentage of Radio Frequency Interference (RFI) contamination in the study area. The figure 2 shows RFI occurrences maps for both ascending In these maps we notice that for Morocco the RFI impact is low or non-existent for the second half of November 2014 where the flood events occurred and the same for 23 February 2017 for both ascending and descending orbits. This leads us to another criterion of selection: the soil in the morning is in a hydraulic quasi-equilibrium (Jackson 1980) . Thus, measurement of the top 5cm of SM of the ascending orbit are closer to ground measurement than those of the descending one (Leroux et al. 2014; Jackson 1980) . And, that why we have chosen the ascending orbit in our study. The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XLII-4/W12, 2019 5th International Conference on Geoinformation Science -GeoAdvances 2018, 10-11 October 2018, Casablanca, Morocco
In the second period of rain, daily precipitation was 6 mm (13.1 mm in-situ) on 27 November and 2.76 mm (32.6 mm in-situ) on 29 November at Guelmim. And, for Sidi Ifni, 2.28 mm (4 mm in-situ) on 27 November and 10.6 mm (24 mm in-situ) on 29 November. Floods occurred in the first period of rain and since another series of rain started. The floods continued.
(a) (b) Figure 6 . SM maps during the second period of rain on 27 and 29 November 2014
For the SM maps some data gaps are noticeable in the pixels located in mountainous zones because retrieval algorithms of passive microwave satellites like SMOS are generally affected by the soil topography (Mätzler et Standley 2000) . Since we noticed that SM maps didn't give us a clear view about the floods that occurred we established a daily precipitation time series of the February 2017 month ( Figure  10 ). And, we noticed an obvious maximum pic on 23 February 2017 leading us to know the event trigger which the very high value of the precipitation 119 mm.
CONCLUSION AND PROSPECTS
Floods are one of the most devasting extreme events. They are caused by excessive water availability and can have great negative impact leading to natural, societal and economical damage (Wanders et al. 2014) . In this paper, we have studied two main flood events: Guelmim and Sidi Ifni during November 2014 and Rabat-Salé on 23 February 2017. For our study, we have used satellite data from SMOS, TRMM and other data. We have also used some in-situ data for precipitation. However, if we want to conduct a predictive study of flood forecasting it is necessary to have a more complex model with more parameters and a clearer SM-Rainfall-flood relation.
